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Abstract-We describe a bank portfolio management program based on the complete Markowitz model, 
which explicitly treats risk due to unanticipated fluctuations in interest rate. Our program takes into 
account both inter-temporal and intra-temporal covariance. The major esult of this approach is that, for 
the same expected return, our model yields a portfolio with significantly smaller risk than that determined 
by an index model. For the same risk level, our method yields a portfolio with higher expected yield. The 
model employs a rolling planning horizon, with time periods in the planning horizon of arbitrary length. 
A novelty in the model is that it permits inter-temporal transactions in the portfolio’s securities by 
generating dummy securities to represent every possible transaction over the planning horizon. The output 
from the model consists of a list of portfolio strategies howing the expected after-tax return and the 1% 
worst case yield for each strategy. We also present an illustrative example, using real data from a large 
Pennsylvania bank, and compare the results from our model to the simpler variance-only and index 
models. The principles upon which the model is based are sufficien:ly general to allow the program to be 
expanded into a general asset-liability balance sheet management program. 
1. INTRODUCTION 
Our goal in this research was to implement a full Markowitz[l] model based program to aid in 
the management of the investment portfolio of a large Pennsylvania bank. Their interest in such 
a model was based on several information needs. First, they did not have a convenient way of 
determining the value of their portfolio at any point in time, and the tax consequences of buy/sell 
decisions on their part. Second, because most of their portfolio was held in bonds, they did not 
have an adequate way of evaluating the performance of their bond traders. High-quality bonds 
rarely go into default, so that even if a bond was purchased at an inappropriate time, a profit could 
usually be shown on the transaction simply by holding it until maturity. Traders could thus not 
be evaluated based solely on the profits they earned-a standard had to be set against which to 
measure them. Third, this research was begun during a period of normal yield curves, i.e. there 
was a monotonic inverse relationship between yield and time to maturity. In such circumstances, 
it is almost never optimal to hold a security until maturity. It is better to roll it over, take a capital 
gain on the transaction, and reinvest the funds in a higher-yielding security. Computation of such 
optimal roll points is extremely difficult, but potentially highly remunerative to the bank. 
The full Markowitz model was chosen because it accurately reflects the bank’s managerial 
environment. Risk is the key factor to be controlled, and there are numerous legal and managerial 
restrictions on available actions. The quantitative programming notion underlying the Markowitz 
model is a robust approach, and the capacities of modern computers make it possible to actually 
implement such a model in its full form. Our belief was that simplifications of the Markowitz 
approach, such as index models, while simpler to implement and solve, would yield significantly 
poorer results, and so are less justifiable in the current computing environment. Our results support 
this contention. As shown in Section 5, for a 21 security problem developed while working with a 
large Pennsylvania bank, these conjectures are borne out. For a given expected return, our model 
yields a portfolio with significantly lower risk than the simplified ones. For a given risk level, our 
model provides a higher return. Perhaps more importantly, the type of securities included in the 
optimal portfolio differ between our model and the simplified ones, particularly in the critical early 
periods of the planning horizon. These differences have a large impact on the riskiness of the 
“optimal” portfolio. The mix of securities recommended by the simplified models is about 19% 
riskier than that found by.ours. 
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It would have been most useful if we would have been able to report on the improvement in 
profits and management information that would have resulted from the bank’s use of the model. 
Unfortunately, for reasons we outline below, the major contribution of our study is that while 
implementation of a full Markowitz model would be impossible if managers had to estimate 
covariances, it is possible, by using information that managers feel comfortable providing, together 
with historical data, to implement such a model, with the expected improvement in portfolio 
selection. Our experience, in working with the bond traders and portfolio managers, is that they 
significantly underestimate variances and covariances, so that historical patterns of variances and 
covariances need to be taken into account to properly reflect the risk inherent in a portfolio. 
The model and data described in this paper grew out of a consulting arrangement which began 
in 1972. The purpose of that contract was to provide a mechanism for the bank to monitor their 
bond portfolio transactions. The time periods chosen, and the type and number of representative 
securities analyzed, were selected by the bank management. The model never reached the adoption 
stage for reasons unrelated to the quality of the research and application. The sudden death of one 
of the participants in the study, the move of the headquarters of the bank, and the changeover of 
their computer system, caused long delays in the project. A significant change in the bank’s 
management, at the level involved in the project’s support, eventually resulted in the bank reneging 
on the contract involved. The ensuing legal complications resulted in a cancellation of the project, 
with our being able to utilize the data involved. 
2. FEATURES OF OUR MODEL 
The task of bank management is to determine the risk the bank wishes to undertake. Risk may 
be expressed in two general ways: 
(1) As liquidity restraints on the bank’s investment portfolio, such as bank policy 
restraints, cash/deposit, government securities/risk assets, CD/deposit ratios, 
future cash demands for loans, and so forth, plus any other restraints imposed 
by regulatory authorities 
(2) As income variability, expressed as the greatest negative deviation bank manage- 
ment is willing to accept from the projected rate of return. 
Given these, the portfolio manager’s task is two-fold: to forecast the future pattern of interest 
rates and, based on this forecast, to choose the investment portfolio that will maximize the rate of 
return on the portfolio. 
The second task is mechanical, because once the future pattern of interest rates is estimated, 
there is only one set of optimum investment portfolios. Two factors, however, complicate the 
picture: one, that the degree of income variability risk top management is willing to undertake is 
seldom made precise enough to determine a unique investment portfolio; and two, seldom are 
forecasts of interest rates held with certainty-normally the further one peers into the future the 
less certain one is of the outcome. 
Our bank portfolio management program (BPMP) treats both these problems. It deals with the 
first problem by indicating the degree of risk attached to the expected rate of return of a series of 
optimum portfolios (optimum in the sense that they yield the highest rate of return for the risk 
undertaken) and, secondly, by allowing management to see what the effect is on the return of any 
of its operations, its operating liquidity, or risk restraints. The program deals with the last problem 
by producing a series of investment portfolios which minimize the income variability risk for the 
expected rate of return, that is, it will always choose more certain income over the same amount 
of less certain income. 
The program, in fact, attempts to do exactly what the portfolio manager attempts to do in 
practice, but it makes a rational division of labor. It allows the investment manager to concentrate 
his efforts on forecasting the future course of interest rates while it takes over the task of producing 
an optimum investment portfolio based on this forecast. In small problems involving few investment 
alternatives over one or two periods of time and a small number of liquidity and regulatory 
restraints, a portfolio manager and the program should produce similar decisions. This is not 
surprising, since they both have identical objectives, and all the judgmental information necessary 
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Fig. 1. Flow chart for the BPMP. 
to choose an optimum portfolio is provided by the portfolio manager. However,asthe number of 
liquidity and regulatory restraints, number of securities, and the number of periods over which he 
must maximize the rate of return increase, it becomes humanly impossible for a portfolio manager 
to consider all the investment alternatives available to him to achieve his investment objectives. 
He, therefore, must simplify his problem by restricting his consideration to the main alternatives 
available and the employment of rules of thumb. 
In practice, it should always be possible to improve on his performance by considering the 
myriad of alternatives he has left unexplored and selecting those that will improve investment 
performance. The program enables the investment manager and management to explore both the 
consequence of alternative assumptions about future yields and interest structures and the cost of 
imposing a specific restraint on the investment portfolio. 
The program also takes into account many fine points which are often neglected in calculating 
cash availability in practice. For example, it takes into account cash availability from capital gains 
and losses, changes in interest flows from all transactions, transaction costs, and taxes. 
A major advantage of the full Markowitz model is the direct optimization of the standard risk 
measure. Improvements in computer technology now permit quadratic programming (QP) programs 
of sufficient size to be run such that the bank’s portfolio may be modeled realistically, treating risk 
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explicitly within the general framework of a Markowitz model. 
While QP programs are not new, the present multi-period QP model, permitting inter-period 
transactions taking into account transaction costs, internally generated cash flows, and taxes, gives 
this type of program new operational meaning. The problems inherent in using a general Markowitz 
model are also not new. The data requirements are very substantial. As we point out later, in our 
case, at least, we were able to use historical data to adjust the systematic underestimation of the 
variance and covariance relationships provided to, us by the bond traders and managers. The size 
of the resulting optimization problem grows rapidly with an increase in the number of securities 
and with an increase in the number of time periods in the planning horizon. Our selection of the 
number of securities to consider, the time periods used, and the planning horizons, were selected 
by management. Our methodology does not provide a way to simplify the optimization problem, 
as an index model, for example, would. We propose that the increased capabilities of mainframe 
computers and of general optimization software has been sufficient in recent years to make the 
cost of this type of large scale optimization well worth the resulting benefits. 
The model presented here takes into account both inter-temporal and intra-temporal covariances. 
The multi-period QP model informs the investment manager, for any interest rate outlook he may 
have, what the most efficient trading strategy will be, taking into account that if he has made a 
mistake in one important interest rate forecast, he has made errors in the interest rate forecasts of 
other securities, and furthermore, he has likely made errors in the rate of interest prevailing in 
subsequent periods. The trading strategy calculates the optimum time to roll over long-term 
securities, take capital gains or losses, taking into account taxes and transaction costs, and the 
importance of all this for subsequent cash flows subject to all regulatory and management 
constraints. 
If the investment manager’s outlook should change, if his conjdence in his current outlook should 
change, or if some change in tax laws or regulatory constraints should occur, the program, in a 
matter of minutes, can suggest a trading strategy to take account of the new environment. 
Unlike most past BPMP, the present model was designed to improve current trading performance 
rather than to provide a new general portfolio strategy to guide the portfolio manager. 
The extensive literature concerning bank asset management programs ranging from linear 
programming models to elaborate decision theory models, was extensively reviewed by Cohen et 
a/.[21 and is not repeated here. While a number of optimization based approaches, linear 
programming (LP) models, have been applied [3], some of the more elaborate models have not, 
largely because of the great practical demands they make on the data or on the computer. 
The treatment of risk in LP models, through constraints or sensitivity analysis, is, in our opinion, 
inadequate, in part because it requires further analysis outside of the model. In the LP models 
which have had the widest application, risk is not quantified, nor is the tradeoff between risk and 
the rate of return explicitly modeled [4]. 
It is now some 20 years since Chambers and Charnes[S] introduced the first bank portfolio 
management program, and there is still little indication that this type of program has gained 
widespread acceptance. In fact, there are only a small number of banks that have employed this 
approach [2]. While this does not mean that banks have not experimented with bank portfolio 
management models, it does show slow acceptance of the concept. 
McKinney[6] in his review of the use of models in the management of bank funds, is quite 
pessimistic: “We seem to be unable to provide large scale models of any real use other than as a 
teaching aid” (p. 127). In explaining this failure, McKinney identified two major reasons for the 
slow acceptance: (1) the programs were not integrated in the decision making process within the 
bank, and (2) greater improvement in performance can be achieved by making investments in 
improving interest rate forecasts than in perfecting portfolio management programs. 
Based on interviews conducted by the authors with several arge banks, we strongly agree with 
McKinney’s first point, but disagree with his second point. While improvements in interest rate 
forecasts may dramatically improve portfolio performance [7], there is no reason to believe that 
the marginal return on the R&D dollar will be better in pursuing better interest rate forecasting 
methods compared to portfolio management programs. To the contrary, recent work on efficient 
markets indicates that the potential for improving interest rate forecasting using management 
science based techniques may be limited indeed (see e.g. Pesordo[8]). 
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The model presented here has tried to answer the first critique of McKinney in several ways. 
First, by limiting the application of the program to the bank’s investment portfolio, and linking 
this application to the bank’s overall asset liability management policy via the restraints, there is 
less reliance placed on internal management cooperation and discipline, a major cause of failure 
in previous experiments. This approach was taken even though the techniques and programming 
algorithm employed are general enough to attack the full asset-liability management problem. 
Second, by limiting the scope of the application, we are able to model the investment manager’s 
problem more closely to the actual environment he operates in. In fact, the motivation behind the 
form of the program was not to introduce a new management philosophy, but to give the portfolio 
manager a “sharper pencil” to perform his present tasks more efficiently. 
3. THE PROBLEM 
Changes in interest rates cause changes in bank earnings and in the value of the bank’s investment 
portfolio. The vagaries of interest rates involve the portfolio manager in two kinds of troublesome 
risks: (1) the variations occurring in interest income earned on bond investments, and (2) the capital 
losses resulting from an upward shift in market interest rates. Managing these risks can be 
particularly difficult, because reducing the portfolio’s exposure to one often increases exposure to 
the other. 
The task of bank management isto balance its rate of return against he level of risk it undertakes. 
The determination of the risk the bank wishes to undertake is the function of top management. 
The task of the portfolio manager is to maximize the rate of return on the bank’s portfolio subject 
to this risk. To accomplish this task, the portfolio manager must forecast interest rates. The 
portfolio manager is in a particularly difficult position, since often the degree of risk management 
wishes to undertake is not transmitted to him in a formal way. He may wish to use the efficient 
frontier generated by a method such as ours to present several possible portfolios to management 
to support the decision process. The performance of the bank’s investment portfolio is subject to 
forces beyond the control of the portfolio manager--the risks the bank wishes to undertake, its 
liquidity requirement, and the vagaries of interest rates. The model proposed here is a method to 
maximize the rate of return to the bank’s investment portfolio given the uncertain forecast of 
interest rates for any given risk. An important byproduct of this method is to improve the 
communications between the portfolio manager and the bank’s top management, by clarifying the 
risk involved in any particular optimizing portfolio strategy. 
The mathematical model underlying the bond management program is the standard Markowitz 
portfolio selection model subject to linear constraints. Let 
a, = expected yield per dollar on asset i (including capital gains and losses) in period t, 
Xi, = dollar amount of asset or liability i in the portfolio in period t, 
and 
R, = total expected return on the portfolio in period t. 
The general multi-period model for N securities over T periods is to 
maximize L i 5 UitXi, - i i $ i Xi,XjuCOV(ai,, aj,), 
r=li=l t=lu=li=l j=l 
subject to non-negativity restrictions on the Xi, and other linear constraints that incorporate bank 
preferences and limitations. The efficient frontier is generated by parametrically varying L from 0 
to +m. 
The novelty of the formal model consists in permitting inter-temporal transactions in the 
portfolio’s securities by generating “dummy” securities to represent every possible transaction over 
the given time horizon. This means that a single security that could be purchased and sold at 
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several time periods will result in multiple decision variables, one for each feasible buy/sell 
combination. The most significant computational limitation to using the general multi-period 
model is the size of the variance-covariance matrix for the dummy securities. Our experience is 
that this problem is surmountable, for two reasons. First, statistical tests are performed on the 
covariance terms, and only those significantly different from zero are retained. In our case, using 
tx = 0.05 to test H,: p = 0 against Hi: p # 0, only about 20% of the covariances were judged 
significantly different from zero. The statistical criteria involved could be made more stringent 
should matrix storage become prohibitive. Second, since only the nonzeros in the upper triangle 
of the matrix must be retained, effective techniques may be employed to keep the necessary storage 
to a minimum. 
All managerial and legal restrictions are contained in the linear constraints, and are specified for 
each period, so they need not remain constant over the entire planning horizon. In addition, since 
it is necessary to deal in dollar amounts invested in order to conveniently deal with capital gains 
and losses, transaction costs, and taxes, a budget constraint is present for each period. 
The solution of the model is a QP problem, solved employing the MINOS code. MINOS is a 
general purpose linearly constrained optimizer, which also comes close to being “ideal” on quadratic 
programs. [9]. The remainder of the programs were written in FORTRAN. Typical solutions for 
a single return level required 1.5 min on the DEC-10 computer for a 21 security problem. 
4. OPERATION OF THE BANK PORTFOLIO MANAGEMENT PROGRAM 
The simplest way to explain how the bank portfolio management model operates is to describe 
the inputs in a particular example. 
It is assumed that the bank forecasts its future level of deposits and loans over its planning 
horizon, which may be several years, and specifies its forecast for each portfolio decision period, 
which may be considerably shorter. Because a BPMP would likely be used on a rolling horizon 
basis, its recommended purchase and sale decisions would only be executed for the most immediate 
period, and the planning periods do not have to be of equal length. The future need be explored 
only for the light it sheds on current decisions. For example, the periods may be monthly for 3 
months, quarterly for 3 quarters, and annually for the remainder of the planning horizon. 
4.1. Program inputs 
As a result of the deposit and loan forecasts made outside the program, the portfolio manager 
would be given a schedule of expected cash requirements or expected cash inflows for each period. 
It is also assumed that the bank regards part of its liabilities as a discretionary variable, so that it 
would be willing to buy or sell CDs, federal funds, and other liabilities, when it is profitable to do 
so. 
The portfolio manager’s freedom of action is limited by the policy restraints specified by top 
management and regulatory authorities, and all portfolio strategies produced by the program 
conform with these limitations. These restraints plus the cash inflow or requirement for each period 
are part of the input. 
The portfolio manager lists all the assets that he is willing to consider as potential candidates 
for the portfolio: government securities, municipals, CDs, and so forth. Each maturity, however, is 
treated as a separate security. In our situation, only certain key maturities were considered (see 
Table 1). 
In addition to listing the security candidates, the portfolio manager must forecast the interest 
yield of each security for each future decision period. Here the advantage of limiting the portfolio 
to representative issues may be seen. Our experience is that portfolio managers have little difficulty 
in estimating expected yields, although they may not be sufficiently patient to provide all the yields 
required by the program. Note, however, that the yield curve could be estimated by the program 
for each type of security on the basis of three maturities, and all the other rates would be interpolated 
by the program [lo]. 
Variances, or standard deviations, are another matter. Asking for a variance explicitly would 
not have worked. Instead, we presumed that a manager could give us a range estimate of the 
highest and lowest yield he believed would prevail in a period. Having asked him to interpret 
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“highest” and “lowest” in terms of a 95% confidence interval, and assuming that the underlying 
population is approximately normal, we used one-fourth the range as a proxy for the standard 
deviation. As explained below, we had to reconcile these estimates with historical data, but, in our 
opinion, the relative degree of uncertainty is more important than the absolute estimate of the 
range of interest rates that might prevail. The variance estimate has two functions in the program: 
(1) since relative uncertainty tends to increase the further one peers into the future, it gives the 
program a built-in bias for taking early more certain profits, and (2) it prevents management from 
overestimating the risks involved in including more risky assets in the portfolio by placing a 
quantitative assessment on the relative riskiness of assets. 
The program also considers the covariance risk resulting from the fact that if the yield on one 
important type of asset, such as treasury bills, is incorrectly forecast, it is likely that the yields of 
other assets will be, in some degree, incorrectly forecast. Similarly, if the forecast of the interest 
rates in one period is incorrect, it is likely the forecast of interest rates in the next period will also 
be affected. The program takes into account both types of risk. As a result, risks associated with 
assets whose interest rates are closely linked are given more weight than risk associated with assets 
whose yields show more independence. 
A major thrust of our work was to explicitly incorporate covariances into the analysis, and we 
were especially interested in identifying negative covariances, as these would allow us to diversify 
the portfolio in a way that would reduce risk. We had expected to use the several year’s worth of 
historical data we collected to provide the covariances, with the variances to be supplied by the 
portfolio manager. We discovered, though, that the variance-covariance matrix formed using the 
historical covariances and the current variances was not positive definite, as it must be. The 
portfolio managers were consistently underestimating the current variances, at least as estimated 
using our range method. Possible explanations for this were that current variances really were 
smaller than historical ones, that the managers were not using 95% confidence intervals in giving 
us their range estimates, or that the managers had real difficulty in estimating spreads. The first 
we rejected, as our historical data came from a time of very stable bond markets. The second was 
a possibility, although we had asked them to estimate on that basis. The third we judged most 
likely, and so used their variance estimates as relative, rather than absolute, estimates of variances, 
as indicated above. We thus often had to increase the size of the variance estimates to bring them 
into line with the historical covariances, while preserving the relative sizes provided by the portfolio 
managers. 
4.2. Output of the program 
The output consists of a series of financial tableaus, one for each portfolio strategy. The tables 
for each strategy show the expected return after taxes on each portfolio and the worst possible 
outcome (in the sense that there is only 1% chance of a poorer outcome occurring). The portfolio 
for each strategy, the interest yielded, expected realized capital gains or losses, and unrealized 
capital gains or losses are shown for each period and for the total planning horizon. 
The presentation of the results of each portfolio strategy in terms of the strategy’s expected and 
worst case return gives a quantitative measure of the risk involved in each strategy. 
Along with the array of strategies, output is created by the optimization routine which would 
permit the manager to change any of the initial assumptions or restraints and to compute a new 
set of optimum portfolios quickly. This permits the investment manager to study the effect of 
different interest rate forecasts on the selection of the optimum portfolio. It also permits an 
assessment to be made of the additional returns that would result from the relaxation of any of 
the restraints. 
The program is flexible enough to take into account differential transactions costs, differential 
tax treatment of various types of earnings, contingent decisions, mutually exclusive decisions and 
the devaluation risks of any foreign investment or borrowing. The program can be expanded to 
include a hedging program on foreign transactions. 
Again, the principles upon which the program is based are sufficiently general to allow the 
program to be expanded into a general asset-liability balance sheet management program. However, 
such an application requires an extensive management information system to back it up, and a 
management which is willing to give full support to it. 
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The more limited application proposed here has the advantage that it may be applied to a 
specific part of the bank’s activities; namely its portfolio management and, optionally, its non- 
deposit liability management. Perhaps the greatest advantage of the program proposed is its ability 
to assist the portfolio manager to adjust to a changed outlook. For example, if the Federal Reserve 
should unexpectedly change its discount rate, or if the long-term rate of interest should rise faster 
than expected, the portfolio manager can quickly see what the general effect of this is on the bank’s 
investment strategy and be immediately prepared to take the necessary portfolio adjustments. The 
application proposed here also requires only small additional amounts of information, and all of 
this information comes from one person, the portfolio manager. 
The remainder of the restraints are a statement of the bank’s operating policies and projections 
of the bank’s cash requirements. The portfolio manager still makes all the key investment decisions, 
and may at any point override one or all of the constraints programmed into the system. The 
program presented here gives the portfolio manager a sharper pencil to work out the implications 
of his management decisions. 
5. AN ILLUSTRATIVE EXAMPLE 
To demonstrate the results of the BPMP, consider the set of securities hown in Table 1, which 
form a subset of those making up the portfolio of a large Pennsylvania bank which commissioned 
the original study. These 21 securities were chosen to model the complete portfolio by giving 
representative qualities and maturities; the total portfolio involved 47 types of securities. The bank’s 
planning horizon was 5 yr, which was broken down into periods of 1 week, 2 weeks, 1 month, 
3 months, 6 months, 1 yr, 2 yr and 5 yr. The initial periods were extremely short, since the program 
was viewed by the investment manager as providing assistance to the bank’s traders. 
The program generated 547 securities including the “dummy” securities, representing all possible 
transaction in the listed securities. For the purposes of this paper a $500 million initial cash 
portfolio was assumed, although in practice one would begin with the bank’s actual portfolio. No 
further additions or withdrawals of cash were projected. The entire portfolio is assumed liquidated 
at the end of the final period. 
The model contains eight constraints, plus the budget constraint, for each period. 
The budget constraints can be modified so as to have the portfolio provide cash at certain 
periods, and, since data on the composition of gains and losses are collected, budget-like constraints 
can be added period by period if restrictions on the maximum capital loss or minimum yield are 
desired. The Markowitz model, which is the model underlying the BPMP, has in the past been 
criticized because of its large data requirements (in the BPMP these data are largely internally 
generated). To avoid this problem other authors have proposed employing index or variance only 
Table 1. Catalogue of securities 
Securities Maturities 
Treasury bills 
Treasury bills 
Treasury bonds 
Treasury bonds 
Treasury bonds 
Government agency securities 
Government agency securities 
Government agency securities 
Municipals prime 
Municipals prime 
Municipals prime 
Municipals good 
Municipals good 
Municipals good 
Municipals medium 
Municipals medium 
Municipals medium 
Commercial paper 
CDst 
Corporate bonds (AA utility deferred call) 
Sale of CDs 
iIndex security for index model. 
90 days 
180 days 
1 Yr 
3 Yr 
5 Yr 
180 days 
360 days 
5 Yr 
1 Yr 
3 Yr 
5 Yr 
1 Yr 
3 Yr 
5 Yr 
1 Y’ 
3 Yr 
5 Yr 
30 days 
180 days 
3 Yr 
180 days 
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models [ll-13-J. The objective function for the index and variance only models do not include all 
of the covariance terms and so one would expect these models to behave somewhat differently 
from the BPMP, which is a full covariance model. We, therefore, decided to compare the results 
obtained by running a variance only model and an index model that employs the 180 days CD as 
the index. The models were run with data collected during a period when the average yield on 
3-month Treasury bills was 4.1%. The results are shown in Table 2. 
The BPMP model, employing the Baumol criterion [ 143, recommends aportfolio yielding 5.26%) 
while the variance-only model and the index model, employing the same criterion, recommend a 
portfolio yielding 5.29%. The yields are not significantly different, as might be expected because 
of the highly constrained nature of the portfolio. Most of the constraints were at their lower limits 
in the early periods, which are the most important ones because only these investment decisions 
are implemented. This points up the fact that a bank’s portfolio manager’s discretionary decisions 
are highly constrained by legal and managerial policies, so that dramatic increases in yield 
performance are difficult to obtain. 
Any bank portfolio program that employs an index model or variance only model underestimates 
the total risk involved in any decision because of the high correlation of yields, and does not fully 
exploit the possibilities to reduce this risk via portfolio diversification. This is well illustrated in 
our illustrative examples in the portfolios they recommend. Even though the “optimal” yields are 
very close, the composition and the associated risks of the portfolios differed significantly. 
If one calculates the actual risk associated with the portfolio chosen by the variance-only and 
the index models, taking account of the full covariances, one arrives at the true measure of 
comparable risk associated with the three portfolios. The full covariance model chooses a portfolio 
with an expected yield of $146 million and a 1% worst case yield of $136.37 million, the index 
model’s recommended portfolio has an expected yield of $147 million and a 1% worst case yield 
of $135.50 million, and that of the variance-only model has an expected yield of $147 million and 
a 1% worst case yield of $135.51 million. The two latter models consistently underestimate the 
actual risk inherent in a portfolio, because of their elimination of covariance terms. As a result, 
not only is their “optimal” portfolio riskier than that of the full covariance model (standard 
deviation about 19% higher), but even if management had decided to require the $147 million 
expected yield provided by the two simplified models’ portfolio, Table 2 shows that the full 
covariance model would have provided them with a portfolio with lower risk and better worst- 
case performance. 
While there is almost perfect agreement between the full covariance and variance-only and index 
models for certain security issues (commercial paper, CDs, corporate bonds, and sale of CDs), 
ignoring the covariances led to a very different selection of issues and maturities, particularly in 
the critical early time periods. For example the BPMP selects almost exclusively go-day Treasury 
bills, while the variance-only model selects 180-day maturities, as shown in Table 3. Note that 
while differences exist in later periods, the treatment of total government agency and treasury 
securities holdings is the only significant difference in the first period. 
Table 2. A comoarison of the BPMP with the index and variance-onlv models 
Full covariance model Index model Variance-only model 
Compound Expected Object 1% worst case Object 1% worst case Object 1% worst case 
yield return function yield based on object function yield based on object function yield based on object 
(W (Smillion) valuet function value valuef function value value$ function value 
3.71 100 (0.39)’ 98.8 1 
4.06 110 (0.67)’ 107.99 
4.40 120 (0.68)2 117.97 
4.73 130 (1.16)’ 126.51 
5.06 140 (1.99)2 134.04 2.86 134.93 
5.22 145 (2.96)’ 136.13 5.62 137.90 4.93 138.33 
5.26 146 (3.21)’ 136.377 6.56 138.32 5.86 138.75 
5.29 147 (3.59j2 136.22 7.90 138.567 7.18 138.957 
5.32 148 (4.12j2 135.65 10.24 138.40 9.55 138.74 
tSum of variance and covariance. 
:Sum of variance and covariance with only the index security. 
&urn of variance only. 
7 Portfolio recommendid by this model based on Baumol criterion. 
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Table 3 
Bought Sold 
in in 
Purchase amount ($million) 
OW Index Variance 
Security type 
Treasury bills 
Maturity period pUiod model model only 
Wdays 1 - - 4.45 
95.55 
- 
180 days 
1 
3 
1 
2 
3 
5 
8 
4 
5 
6 
8 
2 
2 
4 
4 
7 
8 
6 
8 
1 
8 
1 
1 
1 
4 
6 
8 
1 
1 
2 
3 
4 
4 
8 
1 
1 
1 
8 
3 
4 
5 
6 
8 
1 
1 
2 
2 
3 
3 
4 
4 
7 
8 
3 
I 
2 
5 
6 
7 
8 
3 
2 
4 
4 
2 
3 
4 
6 
9 
5 
8 
8 
9 
5 
6 
5 
6 
9 
9 
8 
9 
6 
9 
2 
3 
4 
8 
8 
9 
5 
6 
6 
6 
5 
6 
9 
2 
3 
4 
9 
8 
8 
8 
8 
9 
5 
6 
5 
6 
5 
6 
5 
6 
9 
9 
4 
2 
3 
6 
8 
9 
9 
4 
5 
- 
- 
- 
24.68 
Treasury bonds 1 Y* 
3 Yr 60.81 
53.81 
45.91 
50.9 1 
’ 64.86 11.79 
100.00 100.00 
73.10 75.38 
8.25 63.60 
82.74 79.36 
18.83 16.42 
46.86 48.3 1 
17.26 20.64 
82.65 79.26 
46.70 45.80 
26.90 24.62 
26.28 27.10 
Prime municipals 
Good municipals 
3 Yr 
5 Yr 
1 Yr 
3 Yr 
4.44 
17.83 
16.94 
0.48 
48.61 
8.00 
8.03 
10.36 
- 
2.21 
13.80 
9.41 
14.54 
10.20 
4.87 
29.62 
34.91 
20.89 
8.03 
6.13 
2.66 
3.35 
4.29 
- 
4.28 
33.52 
35.3 1 
20.40 
8.03 
7.70 
2.65 
3.34 
4.37 
5 Yr - 
1.91 
Medium municipals 1 Yr 
- 
2.21 
0.24 
4.15 
37.00 
19.62 
18.25 
17.37 
- 
47.ccl 
34.72 
0.28 
13.39 
2.75 
3.35 
47.95 
34.41 
0.28 
13.32 
2.74 
3.35 
4.30 
19.30 
16.87 
18.56 
4.15 
3.42 
- 
4.38 
20.14 
17.73 
19.42 
1.26 
2.80 
3 Y* 17.50 
51.40 
5 Yr 
41.64 
33.59 
20.87 
11.82 
19.83 
- 
0.82 
- 
Commercial paper 30 days 
CDs 180 days 
Corporate bonds 3 Yr 
- 
10.48 
58.41 
100.00 
280.00 
280.47 
289.77 
270.80 
Sale of CDs 180 days 
4 
- 
322.78 
181.09 
242.40 242.28 
22.82 
4.99 
48.47 
44.08 
26.15 
21.66 
5.02 
12.05 
6.06 
12.55 
7.99 
13.41 
1.05 
29.81 
100.00 
280.00 
280.41 
289.89 
261.80 
4.80 
319.10 
181.03 
18.96 
7.28 
49.78 
43.93 
27.47 
22.12 
5.52 
12.41 
6.56 
12.92 
8.57 
13.80 
242.27 
- 
30.63 
100.00 
280.00 
280.41 
289.90 
260.75 
6.44 
317.45 
181.02 
6. CONCLUSIONS 
The BPMP applies a powerful general type of program to the problem of assisting the bank 
portfolio manager in his routine tasks. It is neutral with respect to investment philosophy and 
bank management policies. Its virtue is that is gives the portfolio manager an instrument o make 
full use of the information at his disposal and a means of communicating to bank management 
the risk associated with any portfolio strategy. Furthermore, it gives the portfolio manager a means 
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of reacting swiftly to any change in market or regulatory conditions. The program is not a take- 
it-or-leave-it affair. The manager may override one or more of the buy or sell recommendations 
or constraints of the program strategy, and the program will optimize under these new constraints. 
The BPMP is a general enough program that its scope could be expanded to a wider area of 
asset-liability management. 
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